In its essence, tea is an infusion of Camellia sinensis leaves and it is the most widely consumed beverage in the world, aside water. Animal and epidemiological studies have associated green tea consumption with several health benefits, which include hypocholesterolemic effect and anti-inflammatory activity. In this study catechins levels of green tea and its effect on the lipid profile of humans were evaluated as well as the protective effects against H2O2-mediated damage in human fibroblasts and anti-inflammatory activity of (−)-epigallocatechingallate (EGCG). The daily consumption of 1200 mL of green tea for 30 days by 15 human volunteers promoted the decrease of cholesterol and LDL levels after 15 days, but this effect was not persistent after 30 days. No changes were observed in lipid profile after the consumption of green tea capsules. EGCG, a major green tea catechin, demonstrated an anti-inflammatory action in rats and an antioxidant effect in cultured human fibroblasts.
Introduction
Green tea became a very popular beverage in the western countries and almost everyday new functional beverages with green tea extract as an ingredient are developed. The increased popularity of these beverages is clearly related to the health benefits attributed to its consumption. Several human and animal studies suggest that green
Experimental Methods

Catechins Characterization
Tea Samples
For catechins and caffeine analysis eight green tea samples from different brands were used. These samples were purchased from several shops in Lisbon (markets and herbalists). Five of them are sold in tea bags and the other three as loose-leaf tea. The different brands of green tea were represented by the acronyms G, S, T, TN, TV, F, B, M and T. The TN and TV green tea are the same brand but from different lots. Tea infusions preparations were described elsewhere [2] . TV tea was later chosen for presenting the best relation catechins/caffeine, hence, lower levels of caffeine.
Green tea capsules were obtained in a popular herbalist in Lisbon region. For catechin analysis the content of the capsules were dissolve in ultra-pure water.
Each tea was analysed in triplicate using separate infusions.
Methods
The HPLC/UV method was optimised for the simultaneous determination of catechins and caffeine in the tea infusions [2] . A high-performance liquid chromatograph system equipped with a binary LC-6A pump controlled by a SCL-6B controller, a ultra violet detector model SPD-M10A DAD and a LC workstation (class LC-10 versão1) integrator, all from Shimadzu (Shimadzu Europa GmbH, Duisburg, Germany) and a Lichrosper 100 RP-18 (5 µm), 250 mm × 4 mm column (Merck KGaA, Germany), was used.
Reagents and Standard Solutions
The standards of (+)-catechin hydrate, (−)-epicatechingallate, (−)-epigallocatechin from green tea and (−)-epigallocatechingallate from green tea were supplied by Sigma (Sigma-Aldrich, St. Louis, MO, USA). The (−)-epicatechin was from Fluka (Buchs SG, Switzerland). All the aqueous solutions and serial dilutions were prepared by dilution with ultra-pure water (Mili Q System, Millipore, Billerica, MA, USA).
Clinical Trial Subjects
Healthy, normal weight, aged ≥18 years male and female volunteers were recruited from our Faculty and from a public Institute in Lisbon. All subjects were submitted to routine haematological and biochemical analyses. All participants in the studies gave their informed consent. No screening criteria about smoking and diet habits were made. All participants were requested to maintain their habitual lifestyles during the entire experiment. On the first study 15 volunteers drank 6 cups of green tea (TV brand) a day in 200 mL amounts during a period of 30 days. After that time they were not allowed to consume this beverage for another 30 days. Participants were instructed to follow a standardised protocol in tea preparation in which each bag was left in 200 mL of boiling water for 10 minutes. From these 15 subjects, 11 were females and 4 were males. Age range was 24 to 55 years old. Mean total cholesterol values were 234 mg/dL and for LDL mean values were 136 mg/dL.
For the second study men and women were selected based on the following criteria: mildly elevated total cholesterol, no major health problems and not taking medications known to affect serum lipids. In this study the subjects took six capsules of green tea per day (two at each meal-breakfast, lunch and dinner) during 30 days. From these 15 subjects, 10 were females and 5 were males. Age range was 37 to 60 years old. Mean total cholesterol values were above 240 mg/dL and for LDL mean values were above 160 mg/dL.
Thirty adults (men and women) were selected to participate in the two studies. In both studies blood samples were obtained, at a fasting state, before (0 day), during (15 days and 30 days) and after (60 days) the daily consumption of green tea or ingestion of extract capsules. Concentrations of total cholesterol, triglycerides, LDL and HDL cholesterol were assayed enzymatically using commercial kits (Roche Diagnostics, GmbH, Mannheim, Germany) and an auto-analyser Hitachi mod 717 (Hitachi-Roche, Tokyo, Japan). Results are presented as mean ± SEM. The carrageenan-induced paw edema of the rat hind-paw, is a suitable model to study acute local inflammation and widely considered to be one of the most useful models in the evaluation of anti-inflammatory activity of investigational compounds [24] [25] . Paw edema was induced by a single subplantar injection into the rat left hind paw of 0.1 ml of a 1% λ-carrageenan sterile saline solution. Paw volume was measured by means of a volume displacement method using a plethysmometer (Digital Plethysmometer LE7500-Letica Scientific Instruments). Paw volume was measured before, immediately after injection of carrageenan (V0 or basal volume) and 6 hours later (V6h). Paw edema was expressed as percentage of increase in paw volume 6 hours after carrageenan injection relative to the basal values according to the equation:
Animal Studies
( ) % V6h V0 V0 100 = − × . Animals were divided in two groups. The control group was fed ad libitum on a standard diet (IPM-R20 from Letica). The other group was fed with the same diet supplemented with EGCG (5 mg/kg) for a period of 30 days. Results are presented as mean ± SEM of paw volume observed.
Cells Studies
Isolated human fibroblasts embryonic human lung fibroblasts (HPF-1), purchased from Pharmacological Institute of Medicine Faculty of University of Lisbon, were grown in Eagle's minimal essential medium (EM) with 10% fetal bovine serum, 1% glutamine and 1% penicillin-streptomycin at 37˚C under 5% CO 2 . The protective effect of EGCG against cellular injury H 2 O 2 -induced was investigated using the MTT method [26] . The cells were plated in 96 wells at a density of 25,000 cells/well. To study the effect of EGCG the cells were incubated for 4 hours with H 2 O 2 (3 mM) and with different concentrations of EGCG (0 -0.3 mM).
Statistical Analysis
Results are expressed by mean ± SEM and all the comparisons were done by ANOVA method and considered different when p < 0.05.
Results
The changes of the lipid profile of the volunteers who drank green tea are presented in Table 1 . Some of the volunteers presented high values of cholesterol (>240 mg/dL) at the beginning of this study meaning that they have twice the risk of coronary heart disease than the subjects that presented desirable values of cholesterol (<190 mg/L) [27] . The levels of LDL cholesterol, HDL cholesterol and triglycerides of the volunteers were in the borderline-high category.
Tea consumption for 15 and 30 days reduced triglycerides level about 25%, but the differences were not significant. No statistically significant changes in HDL cholesterol were observed. Additionally, the LDL levels decreased significantly (p < 0.05) with the daily intake of 6 cups of green tea for 15 days. However, this effect disappeared at the 30 day of treatment. The levels of total cholesterol had significantly decreased (p < 0.05) from 0 day to 15 day of treatment. The biggest differences were observed in the individuals with higher levels (287 mg/dL and 300 mg/dL). However, at day 30 the statistical differences were not significant but a reduction of 7% is nevertheless observed.
From the fifteen individuals, seven had total cholesterol levels equal or above 240 mg/dL. Since the highest differences were detected in individuals with higher levels of total cholesterol we decided to analyse those data separately ( Table 2) . For the hypercholesterolemic volunteers a significant reduction of total cholesterol levels was observed after 15 days of tea consumption (about 50%). At day 30 for some volunteers the total cholesterol levels were normal (<200 mg/dL). For these individuals the hypocholesterolemic effect of green tea was longer than for those with acceptable values of cholesterol. The LDL levels decreased after 15 days of treatment. However after 30 days its levels were similar to the one observed at the beginning of the study. No statistically significant differences in HDL levels, triglycerides and total lipids were observed.
On the second study all the volunteers showed at the beginning of the study high values of total cholesterol, medium levels of HDL (corresponding to a moderate risk) and values of LDL corresponding to a high risk (>160 mg/dL) ( Table 3) ; here the inclusion criteria was based on high levels of total cholesterol and LDL since we had previously observed that the effect of catechins was more pronounced in these two parameters. Based on the findings of the first study it was expected that a daily intake of tea extract capsules would lower serum cholesterol concentrations in the mildly hypercholesterolemic subjects but no significant alterations in total cholesterol, HDL and LDL and triglycerides levels were observed.
On another research pathway of our study, the carrageenan-induced oedema test was used to verify the in vivo anti-inflammatory effect of EGCG. Results are presented in Figure 1 . The animals pre-treated with EGCG showed a decrease in the acute inflammation response to carrageenan, characterized by a decrease on the volume of the paw compared with the control group (p < 0.05).
Also at the pre-clinical level, the effect of EGCG at different concentrations on the cytotoxicity induced by H 2 O 2 in isolated human fibroblasts is presented in Figure 2 . The results showed that the protection against cellular injury H 2 O 2 -induced in human fibroblasts was dose-dependent. EGCG had the significantly protective effect on H 2 O 2 -damaged cells (p < 0.05 or p < 0.01). At the concentration of 0.3 mM EGCG showed stronger protective effects.
Discussion
Results obtained in our study suggest that green tea have a hypocholesterolemic effect. This finding corroborates the data from some epidemiological studies that reported an inverse correlation between total cholesterol levels and tea consumption [28] - [30] . In a human study green tea and green tea extract consumption was associated with the decrease of LDL and total cholesterol levels but all the volunteers were hypercholesterolemic and they all were on a low fat diet [31] . Not all human studies have shown similar results, some failed to prove an association between tea consumption with a reduction on plasma lipids.
Green tea ingestion did not affect the HDL levels, triglycerides and total lipids that are in accordance with the described by Maron et al. and van het Hof [31] [32] .
No changes on total cholesterol, HDL and LDL and triglycerides levels were observed after green tea capsules consumption. These results are similar to those obtained by Princen et al. and van het Hof et al. that reported no effects related to green tea consumption on plasma lipids and LDL oxidation [31] - [33] .
The differences observed between the two studies can be related with the amount of catechins ingested by the volunteers ( Table 4 ). The levels of catechins consumed by the participants in the study with the green tea were approximately 970 mg per day. The capsules had about 61 mg/g of catechins and since the volunteers consumed 6 capsules per day, the daily consumption was in this case approximately 366 mg. Thus, the amount of catechins Table 4 . Concentrations of catechins and caffeine in green tea infusions and capsules by HPLC-UV (the compounds were ordinate by their retention time) (2) (SD-Standard deviation). ingested corresponds to about a third of the existing in 1.2 L of green tea infusion. The ratio total cholesterol/HDL (atherogenic index) is a useful factor to predict myocardial infarction risk. An atherogenic index >5 indicate a high probability of cardiac stroke. In the two studies carried out in this work the atherogenic index for the majority of the individuals were near 5. The consumption of green tea during 15 and 30 days did not originate any alteration in this value, although a reduction of total and LDL cholesterol was observed in the study with green tea infusion.
Many potential mechanisms for the hypocholesterolemic effect have been proposed: reduction of micelarsolubilization of lipids and intestinal absorption of cholesterol, increase in the fecal excretion of lipids and cholesterol, reduction of the hepatic cholesterol and regulation of LDL receptors in liver cells [34] - [37] . These mechanisms have been established mainly in animal and in vitro studies. Our work suggests that supplementation with green tea may reduce the risk of coronary disease because a trend for decrease in the total cholesterol level (of 7%) was observed in the individuals that participated in this study, and a decrease in LDL level was also observed. However the results suggest that green tea had only acute beneficial effects in individuals with mild hypercholesterolemia since the effects were only observed by a period of 15 days, and although our experimental design cannot explain the absence of the same positive results after 30 days in these subjects, it may be hypothesised that the observed effects in the biomarkers assessed have an acute nature that might not be sustainable in time and that chronic beneficial effects associated to the consumption of green tea might be related to other biochemical pathways.
Capsules ingestion may be advantageous for individuals that do not appreciate the green tea flavour or did not like to consume high volumes of liquids. EGCG doses up to 1 g per day have a favourable safety profile, so further studies with higher concentrations of tea extract should be made in order to evaluate the correlation between tea catechins and plasma lipid levels in hypercholesterolemic individuals.
EGCG showed a significant anti-inflammatory effect in rats. These data are in accordance with the results obtained by Das et al. and Varilek et al. [16] [17] . The inflammation is a complex process in which several cellular and mediating types participate. In the initial phase, the mediators of the inflammatory, stored in mast cell and basophil granules, are histamine and serotonin or 5-hydroxytryptamine. To the early phase mediators also belong cytokines such as IL-1, IL-6, and TNF-α. Another important mediator is nitric oxide (NO). The later vascular events are mediated by arachidonic acid metabolites, produced and by neutrophils and other cells. Some studies have demonstrated that EGCG affects several signalling mechanisms in inflammation. EGCG inhibits in vivo neutrophil recruitment [38] . Green and black tea polyphenols can affect cyclooxygenase (COX)-2 and lipoxygenase (LOX)-dependent arachidonic acid metabolism in normal human colon mucosa and colon cancers [39] . Ingestion of green tea decreased rectal mucosal concentrations of prostaglandin E 2 in humans [40] . Tea and tea components are scavengers of NO and peroxynitrite and also inhibit the activity of iNOS and the induction of iNOS by LPS [41] . In rats subjected to myocardial ischemia and reperfusion an inhibition the NF-κB and AP-1 pathway were observed [42] . According to Cao et al. the molecular mechanisms of anti-inflammatory effects of green tea may be related to the increase of mRNA levels of anti-inflammatory factors and the decrease of pro-inflammatory factors [43] .
Inflammatory diseases are currently treated with steroidal and non-steroidal drugs, as standard of care. Despite its generalized use, these medicines are many times associated with adverse effect, being the most common, gastrointestinal bleeding and renal failure. For this reason, it is necessary to find safer drugs. Future clinical trials could further elucidate the anti-inflammatory effect of EGCG, however based on the results of this study this catechin could be an interesting pharmacological tool to modulate inflammation. EGCG showed a protective effect against H 2 O 2 -mediated damage in human fibroblasts. But this data must be analysed with careful. The in vitro results are dependent of the type of assay employed. Bioavailability and metabolism are very important factors to be taken into account when extrapolating to humans [1] . Numerous studies have demonstrated that tea catechins have a protective effect against damage caused by physiologically relevant reactive oxygen and nitrogen species in vitro, including superoxide, peroxyl radicals, singlet oxygen, peroxynitrite, and hypochlorous acid. This antioxidant activity appears to be related to its molecular structure [23] . Saffari et al. have shown that EGCG is a powerful antioxidant capable of protecting erythrocyte membranebound ATPases against oxidative stress [44] . In whole blood lymphocytes EGCG significantly suppressed the DNA strand breakage in a concentration-dependent manner. However, this catechin was genotoxic at high concentration [45] . The biological activity of green tea catechins can also be influenced by the pH of the surrounding medium or tissues [46] . The potential mechanisms described for the antioxidant capacity of tea are: 1) scavenging of highly reactive oxygen (ROS) and nitrogen species (RNS), 2) chelation of transition metal ions, 3) inhibition of redox-sensitive transcription factors such as nuclear factor κB and activator protein AP-1, and/or 4) induction of phase II and "antioxidant" enzymes [45] . In vitro evidence and numerous animal studies strongly suggests that antioxidant properties of green tea are also responsible for reducing the risk of heart disease [13] .
Our results suggest that consumption of green tea may be associated to a favourable lipid profile in humans. EGCG, a major green tea catechin component, seems to be, at least in part, responsible for some of the beneficial effects described. In fact, in the rat, EGCG had no significant effect on the lipid profile but showed a marked anti-inflammatory action, as well as an antioxidant effect in cultured human fibroblasts, hence supporting the rational that the anti-inflammatory effects are relevant for the pharmacological actions attributed to green tea.
Conclusion
In conclusion, green tea consumption can be a useful pharmacological tool with modulatory actions important in controlling some of the risk factors for the development of atherogenesis and, therefore, cardiovascular disease.
